The symbiosis between photosynthetic dinoflagellates (zooxanthellae) and coral hosts is essential in coastal tropical marine ecosystems. However, the disruption of symbiont photosynthesis by excessive light energy has a prominent role in the process of coral bleaching that led to the mortality of the host (Iglesias-Prieto et al. 1992; Warner et al. 1999; Jones et al. 1998; Smith et al. 2005 surfaces upwards (including measurement points for later experiments), so that they were exposed to a similar light regime during the acclimation period.
Introduction
The symbiosis between photosynthetic dinoflagellates (zooxanthellae) and coral hosts is essential in coastal tropical marine ecosystems. However, the disruption of symbiont photosynthesis by excessive light energy has a prominent role in the process of coral bleaching that led to the mortality of the host (Iglesias-Prieto et al. 1992; Warner et al. 1999; Jones et al. 1998; Smith et al. 2005) . It is well known that synergistic effects of multiple stresses such as strong light and high water temperature conditions would make photoinhibition more severe. In bleachingsusceptible corals, temperature dependent inhibition of the recovery process in damaged photosystem II [PS II] of the zooxanthellae has been observed (Takahashi et al. 2004 ) suggesting that high water temperature amplifies light-induced damage to algal photosynthesis.
Under stressful conditions, water motion can be a decisive factor on colony survival and recovery (Nakamura and VanWoesik 2001 , Nakamura et al. 2003 , Nakamura 2010 ). Although the mitigation of photosynthetic stress by faster water flow conditions have been described for the coral Acropora digitifera , its differential effects among corals remains to be further elucidated. In the present study, we investigated the influence of water flow on the photo-physiology of five coral species by moni- 
Materials and methods

Sample collection and preparation
Six colonies of five reef-building coral species; Acropora surfaces upwards (including measurement points for later experiments), so that they were exposed to a similar light regime during the acclimation period.
Measurements of chlorophyll fluorescence
All the experiments were conducted on the samples that had been pre-acclimated to similar environmental regimes over 7 months in outdoor holding tank conditions i.e. Fv/Fm were conducted every day from 0500 hours to 2100 hours (specifically, at 0500, 0700, 0900, 1200, 1500, 1700, 1900, and 2100 hours).
After a week-long period of exposure to strong light conditions, the light intensity was reduced to ＜13% of the ambient level by placing an additional neutral-shading mesh. In order to assess the chronic photoinhibition, Fv/ Fm (n＝6 per a treatment per a species) were measured after one week of reduced light treatment.
Data analysis
A repeated measure analysis of variance (ANOVA) was carried out to examine the effect of water flow velocity on measured Fv/Fm of each species. All data were assessed for normality and homogeneity of variances prior to testing. Statistica (StatSoft Inc., Tulsa, OK, USA) was used for statistical analysis. around noon then recovered during late afternoon (Fig. 2) .
Results
Notably, there was a non-uniform influence of flow velocity on the dynamic Fv/Fm fluctuations observed among coral species (Fig. 2) . Although the lowest Fv/Fm values observed around noon were similar, there were species that kept constantly greater Fv/Fm under faster flow conditions (Fig. 2) showed a significant effect of water flow on Fv/Fm fluctuation (Table 1) .
The largest inter-species difference among five species was observed between I. palifera and S. pistillata under low-flow treatment (Fig. 2) . No significant effect of water flow was observed in P. decussata and I. palifera (Fig. 2 and Table 1 (Fig. 2) . 
Discussion
Water motion within coral reefs varies in temporal and spatial scales. Tidal currents, wind driven waves. produce water motion in coral reef environments which are often magnified or reduced depending on their surrounding topographies (Kraines et al. 1998 , Presto et al. 2005 . For instance, the flow velocity measured in a shallow channel of coral reef environment often exceeds 30 cm s −1 , reaching up to 100 cm s −1 at its maximal velocity while the mean velocity in a sheltered habitat is usually less than 10 cm s −1 (Shashar et al. 1996; Anzai 2001; LugoFernandez et al. 2004; Storlazzi et al. 2004 ). These spatial variations of water motion influence various biological ) treated groups (n＝6±SE).
aspects of coral reef organisms (Patterson et al. 1991; Lesser et al. 1994 ) such as prey capture (Sebens et al. 1997) , respiration (Lesser et al. 1994) , photosynthesis (Lesser et al. 1994) , colony growth (Sebens et al. 2003, Nakamura and and gamete dispersal (Storlazzi et al. 2006) . However, despite its influences on various aspects of the coral, the influence of water flow conditions to photo-physiological stress in corals has received little attention. 
The greatest mean
